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Figure 1 


HALF-AND-HALF 
A mosaic fowl showing extreme size asymmetry and different colored 
skin on the two sides of the body. The comb and the neck feathers had 
the appearance of male structures. The ancestry of this curious fowl is 
not certainly known, but it is probably an “Austra-white hybrid” pro- 
duced by crossing an Australorp cock and a Leghorn hen. 
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A CASE OF LATERAL ASYMMETRY. IN 
THE FOWL 


D. C. WARREN 
Kansas Agricultural-Ex periment Station 


N interesting case of lateral asym- 
A metry in the fowl has been 
brought to the attention of the 
writer. The bird had been plucked at 
a local packing company before its ab- 
normalities were noted, consequently its 
origin is unknown. Enough feathers 
were left on the neck and head to indi- 
cate the probable plumage pattern of 
the bird. The feathers had a dingy 
white, somewhat black flecked appear- 
ance of the Australorp-White Leghorn 
crossbred common in the area from 
which the bird came. The bird also had 
the slate-colored legs characteristic of 
such a crossbred. 

The size asymmetry was so extreme 
that the bird must have had great diffi- 
culty walking. Although the two sides 
of the body differed so greatly in size 
as to give the bird a much deformed 
appearance, the condition of the carcass 
indicated it to be a vigorous individual. 
A median line of skin color demarcation 
extended from the beak to the vent and 
legs, dividing the bird into a white and 
a yellow side. In addition to the dif- 
ferences in size and skin color there 
was a variation in the amount of white 
in the right and left earlobes. The. left 
side of the body was larger, had white 
skin and the whiter earlobes. 

Sexually the bird appeared to be in- 
termediate. The comb had the size and 
appearance of that of a male, and the 
few neck feathers left on the carcass 
were typically male in structure. The 
fact that the bird had slate-colored legs 
so characteristic of the female and not 
the male of the Australorp-White Leg- 
horn cross as usually made, suggests 
that the individual was of the female 
genotype. The gonads were hemaphro- 
ditic in nature, the left one being much 
larger and of an ovo-testis appearance 


with no visible ova. The right gonad 
was more like a testis in size and shape. 
The gonoducts were poorly developed. 


Probable Parentage 


The evidence, though circumstantial, 
strongly supports the belief that this 
mosaic is the offspring of the mating 
of an Australorp male by a White Leg- 
horn female. Such crossbreds are com- 
mon in Kansas, and the character com- 
binations found in the mosaic could 
scarcely be accounted for except in the 
manner suggested. 

The Australorp has the autosomal 
black plumage, red earlobe, white skin 
and the sex-linked slaty leg color. The 
White Leghorn has white plumage, 
white earlobes, yellow skin, and sex- 
linked non-slaty leg color. The black 
plumage, slaty leg color, and yellow 
skin color are known to be recessives 
while the earlobe color shows incom- 
plete dominance. For producion of the 
hybrid commonly known as an “Austra- 
White” the Australorp male is mated 
with the White Leghorn female. From 
such a cross the offspring has a dingy, 
much black-flecked, white plumage. 
The skin color of the hybrid is white 
and the legs of the female are slate col- 
ored. The earlobe usually shows a mix- 
ture of red and white color. Insofar 
as could be determined the mosaic 
showed the plumage color.characteristic: 
of the Austra-White. The “half and 
half” skin colors were those of the two 
suspected parents. The legs of the 
mosaic both carried the slaty pigmenta- 
tion although one had a greenish tint 
due to the underlying yellow skin color. 
The earlobes of the mosaic were a mix- 
ture of white and red, the two sides 
differing some in the proportion of the 
colors. Finally, the extreme difference 
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Warren: Asymmetrical Fowl 


in size of the two sides of the body of 
the mosaic were of the order of the two 
breeds suggested as parents. 


Interpretation 


Since the asymmetry here recorded 
is virtually bilateral, the chromosomal 
irregularity which caused it probably 
occurred at the time of the first cell 
division of the fertilized egg. Three 
explanations have been offered to ac- 
count for the previous cases of lateral 
asymmetry. They are somatic muta- 
tion, loss of a chromosome, or non- 
disjunction. Since three different herit- 
able characters are here involved in the 
asymmetry, it seems improbable that a 
point mutation would affect them all, 
so the first named explanation is im- 
probable. The question of whether the 
phenomenon of chromosomal elimina- 
tion or non-disjunction is here respon- 
sible probably cannot be answered. 
Either phenomenon would cause the 
bird to be a monosomic aneuploid with 
2n-1 chromosomes on one side, while 
the opposite side would be normally 
diploid in the case of chromosomal 
elimination or 27 + 1 as a result of 
non-disjunction. The mentioned chro- 
mosomal aberrations are assumed to in- 
volve only the skin-color-determining 
chromosomes. It is generally assumed 
that non-disjunction would cause greater 
size asymmetry than would chromo- 
somal elimination. Crew and Munro? 
have proposed that cases of extreme 
size asymmetry in the fowl are due to 
non-disjunction and that instances of 
only slight asymmetry with respect to 
body size are due to chromosomal elimi- 
nation. 

Of the three characteristics showing 
asymmetry in this bird, only one, skin 
color, is known to be a_unifactorial 
character. Both body size and earlobe 
color have been shown to be multiple 
factor traits. In the case of characters 
being determined by several genes and 
probably distributed among different 
chromosomes, it is problematical how 
an irregular distribution of a single chro- 
mosome would affect the genotypic ex- 
pression. It seems that the degree of 
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asymmetry would depend upon the genic 
constitution (regarding the character 
under consideration) of the irregularly 
distributed chromosomes. If the chro- 
mosomes carried only minor factors for 
size, it might make little or no difference 
in the size of the structures, whether 
the tissues were 1n, 2n or 3n for that 
specific chromosome. 

It would appear, therefore, that the 
right side of the body having the yellow 
skin color and smaller size was the one 
which had the 2n-1 constitution, having 
lost its white-skin-determining chromo- 
some derived from the Australorp par- 
ent. The large white-skinned left side 
of the body would have the 2” or 2n 
+ 1 constitution and would be heterozy- 
gous for the skin color factor. Crew 
and Munro? would place this case in 
their list explained as instances of non- 
disjunction. 


Discussion 


Cases of sectorial mosaicism have 
been reported most frequently in the 
insects and birds. The general phe- 
nomenon is the same in these two groups 
of animals except that in birds the sex 
hormones tend to prevent any sectorial 
effects with regard to the sex characters. 
Crew! and Crew and Munro? have 
reported a number of cases in the fowl. 
One of the most striking examples was 
reported by Vecchi’ in which sectorial 
effects were expressed in leg feathering, 
naked neck, earlobe and plumage color. 
An excellent review of reported cases of 
mosaic effects in domestic birds has re- 
cently been published by Hollander.* 
The most commonly reported cases of 
asymmetry in the fowl have been yellow 
and white skin sectorial mosaics. This 
character has been so frequently in- 
volved that Crew and Munro? have sug- 
gested that there may be a tendency for 
the skin-color-determining chromosome 
to show aberrations. 

In addition to being another instance 
of mosaicism, the case here reported is 
of interest because of the extreme size 
asymmetry, the involvement .of the. 
glands, and the number of genetic fac- 
tors affected. In the specimen here de- 
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scribed the size asymmetry is greater 
than in other previously reported cases. 
The small right side was as small as, or 
smaller than the average White Leg- 
horn. Whether this side was the same 
size as its Leghorn parent is impossible 
to determine since strains of this breed 
differ greatly in size. The large left side 
was even larger than that of most Aus- 
tralorp-White Leghorn hybrids. The 
measurements of the left and right leg 
bones, respectively, were as follows: the 
femur 113-83 mm.; the tibia 164-129 
mm.; the metatarsus 116-86 mm. The 
wing bones on the two sides had the 
following measurements: the humerus 
100-83 mm.; the ulna 98-82 mm.; and 
the metacarpus plus first phalanx 73-61 
mm. Thus the smaller right leg bones 
were about 25 per cent smaller than the 
left ones, while measurements of the 
wing bones recorded a reduction of 
about 17 per cent in the size of that 
appendage. Previously reported bilater- 
al skin color mosaics have varied from 
no perceptable difference to a 15 per 
cent difference in the size of the two 
sides of the body. Many of the earlier 
mosaics were from crossing of the 
Rhode Island Red and the Light Sussex 
breeds which differed but little in size, 
and Crew and Munro? have proposed 
that the cases showing but slight size 
asymmetry were due to autosomal elim- 
ination rather than non-disjunction. The 
two breeds suspected of crossing to pro- 
duce the mosaic here reported differ 
widely in size and the extreme size 
asymmetary exhibited points to the view 
that major factors determining the dif- 
ference in size of the Australorp and the 
White Leghorn are located on the skin- 
color-determining chromosome. 
Sexually the Australorp-White Leg- 
horn mosaic was an intergrade. The 
comb had the size and appearance of 
that of a male and the few neck feathers 
left on the carcass were typically male 
in structure. Unfortunately feathers on 
other portions could not be observed. 
The left spur was also considerably larg- 
er than the right one but it was difficult 
to decide whether this asymmetry was 
any greater than that of other structures 
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on the two sides. The fact that the bird 
had both legs of a slaty color so charac- 
teristic of the female and not the male 
of the Australorp male-White Leghorn 
female cross suggests that the mosaic 
was of the female genotype with respect 
to the sex chromosomes. As shown in 
the accompanying figure the two gonads 
differed greatly in size, the left having 
the appearance of an oversized testis al- 
though it had more the appearance of 
an ovary before being removed from the 
body cavity. The right gonad was more 
like a testis though not entirely normal 
in appearance. The gonaducts were 
poorly developed. It is, therefore, evi- 
dent that the gonads were hemaphro- 
ditic in structure. Although the mosaic 
possessed the sex chromosome complex 
of a female, the irregular distribution of 
the one autosome so disturbed the genic 
balance to modify the structure of the 
gonads in the direction of a male. Such 
instances have been described in Droso- 
phila, but_in that species the chromo- 
somal number is much smaller and the 
irregular distribution of one chromo- 
some would be expected to have a great- 
er influence on the organism as a whole. 
It might be suggested that in the fowl 
the skin-color chromosome carried im- 
portant sex influencing genes and that 
aberrations affecting it would have a 
profound influence on the bird regard- 
less of the large number of chromo- 
somes. The fact that the bird had the 
secondary sexual characteristics (comb 
size and neck plumage) of a male would 
indicate that the sex glands not only had 
the shape but also the hormonal influ- 
ence of the male. This female mosaic 
differs from most of those described by 
Crew and Munro? in that the autosomal 
deletion is on the right side. However, 
the indicated delicate balance in the bird 
with respect to the interaction of genes 
and hormones makes it hazardous to 
predict how the irregular distribution of 
the autosome might affect the structure 
of the gonads. 
The expression of the involved heredi- 
tary characters in the two sides of the 
mosaic provides some information re- 
garding the probable distribution of 
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these characters among the linkage 
groups of the fowl. The fact that the 
expression of skin color, earlobe color, 
and body size all were affected by the 
presumed irregular distribution of a sin- 
gle chromosome would indicate that 
some determiners for each of the char- 
acters were carried by this chromosome. 
There is no critical evidence to demon- 
strate that only one chromosome is in- 
volved, but available cytological infor- 
mation would indicate the improbability 
of simultaneous aberrations of more 
than one pair of chromosomes. 

The writer has made linkage tests 
between the character white skin and 21 
other autosomal characters without find- 
ing evidence for linkage, so white skin 
apparently belongs to no known linkage 
group in the fowl. Skin color has shown 
evidence of independent assortment with 
dominant white plumage as well as with 
two other members (crest and frizzling ) 
of the same linkage group. The fact here 
observed that the chromosomal aberra- 
tion influencing skin color did not affect 
the expression of the plumage color of 
the hybrid would confirm the earlier re- 
corded evidence for independent assort- 
ment of these two characters. Body size 
and earlobe color were the other two 
characters whose expressions were af- 
fected by the same chromosomal aberra- 
tion as was skin color. Both these traits 
have been shown to be due to multiple 
factor complexes, but insofar as could 
be determined their segregation in rela- 
tion to skin color has not been recorded. 
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The one inconsistency in the make-up of 
this mosaic is the existence of-the whiter 
earlobe on the left side of the bird in 
combination with the Australorp large 
body and white skin. If only one chro- 
mosome is irregularly distributed, then 
the white earlobe of the Leghorn should 
have been in combination with the yel- 
low skin and small body size of that 
breed. The difference in the color of 
the earlobes was not great and may be 
associated with size rather than with the 
chromosomal aberrations. In the light 
of the relationships here recorded, it 
would be of interest to test the linkage 
relation of size and earlobe color with 
skin color. 


Summary 


A case of lateral asymmetry in the 
fewl is reported in which extreme size 
differences occur. The bird is probably 
an Australorp-White Leghorn hybrid. 
The chromosomal aberration influencing 
size also affects skin color and earlobe 
color. The bird appeared to be a sex 
intergrade with respect to both primary 
and secondary sexual characters. 
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COLLOID CHEMISTRY AND GENETICS 


HE gene used to be a purely hypo- 

thetical entity whose existence was 
established by analysis of progenies and 
the compilation of linkage maps. Then 
some fifteen years ago Belling was able 
to “see” genes in certain large plant 
chromosomes. After a _ rather brief 
period of “visibility” the gene disap- 


peared again into a fog of indefiniteness. 
Perhaps we could “see” the gene if we 
knew where to look, but just where to 
focus our microscope has become an 
increasingly serious difficulty. 

Today the attack on the gene is varied 
enough and intense enough so that 
sooner or later we may really know what 
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the gene is even if it remains invisible. 
The remarkable breadth of this attack is 
indicated by the space devoted to the gene 
in the fifth volume of Alexander’s Col- 
loid Chemistry.* This encyclopedic vol- 
ume of over 1200 pages covers an amaz- 
ing variety of subjects, discussed by an 
outstanding panel of experts. W. C. 
Asbury writes on proteins. Jack Schultz 
writes on “the gene as a chemical unit” ; 
A. J. Carlson has a chapter on “geron- 
tology: the how and why of aging”; 
C. R. Plunkett discusses the “primary 
physio-chemical basis of organic evolu- 
tion.” H. E. Jennings lets himself go 
and looks at the Paramecium problem 
from a new angle: “the changes in the 
surrounding medium produced by free 
living cells.” There is a brief glossary 
of genetic and cytological terms, and 
34 other chapters considering such mat- 
ter as immunology, psychiatry, viruses, 
cancer, catalysis, photosynthesis, etc. 
The first half of the book considers 
the structure of matter, and especially 
of life-substances. It is introduced by 
a most interesting discussion of “‘suc- 
cessive levels of material structure,” by 
Editor Alexander. Here we see how 
through x-ray analysis, electron micro- 
scopy, high-speed centrifuges and high- 
vacuum stills, the fine structure of the 
life-substances gradually becomes re- 
vealed. At first glance it may seem 
that the subject-matter of this volume 
is too diversified to be linked together 
on any conceptual thread. Actually 
there are levels of integration at which 
psychiatry and ultracentrifuges do con- 
tribute to a unified concept. X-ray an- 
alysis reveals the structure of proteins, 
and proteins are at least the skeleton 
on which the chromosome is built ; genes 
may be proteins; nobody knows for cer- 
tain. The present state of perplexity 
about this:is discussed by Dr. Schultz. 
Perhaps the discussion of “colloid 
chemical aspects of photographic devel- 
opment” will some day cast light on 
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how the gene is able to achieve the exact 
reproduction of itself that is one of its 
most outstanding—and mysterious char- 
acteristics. It is even suggested that 
mutations are not changes in atomic 
arrangements of proteins, but rather 
changes in the way the proteins are 
folded together. 

Even if this lead fails to open up, 
the geneticists can hardly escape the 
proteins. The work of Beadle and his 
research crew at Stanford University 
practically forces geneticists to get on 
speaking terms with the amino acids out 
of which proteins are made. Their work 
with x-ray induced deficiencies in 
Neurospora has produced a large num- 
ber of very specific mutations, whose ef- 
fect is to break the chain of biosynthesis 
of amino acids at identifiable points. 
The assumption is that a specific gene- 
elaborated catylist is produced in the 
normal organism to achieve these syn- 
thetic steps. The gap between assump- 
tion and experimental proof is getting 
very small, though Schultz holds that it 
has not yet been closed. ° 

The testing of this concept and the 
actual identification of the catylists is 
a next important step that will carry 
geneticists willy-nilly into the field of 
protein chemistry. Several of the sur- 
veys presented in this volume are thus 
the curtain risers for the next act in the 
genetic melodrama. If the gene wants 
to get illusively tough and attempt a 
fadeout into the folds of a pleated pro- 
tein molecule, the ultra-centrifuge may 
shake it loose, or the electron micro- 
scope penetrate even that tiny crevice. 
And if that fails, there are x-rays and 
micro-chemical assays and spectroscopic 
analyses to fall back on. This is going 
to be a “Whodunit?” with a real prize 
in the last chapter—of the present in- 
stallment of course. For, like a radio 
soap opera, the pursuit of the unknown 
never quite reaches “the end,” to become 
a finished volume on a library shelf— 
R. C. 


*ALEXANDER, JEROME (Editor). Colloid Chemistry Theoretical and Applied, by selected 
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THE BRAIN-WAVE PATTERN, AN 
HEREDITARY TRAIT 


Evidence from 74 ‘Normal’ Pairs of Twins* 


WitiaMm G. Lennox, M.D., Erna L. 


Il its billions of storage battery-like 
neurones. The electrical activity of the 
surface of the brain can be recorded by 
means of the electroencephalograph, an 
apparatus first described by Berger in 
1929. The tracings are termed electro- 
encephalograms (E.E.G.) or popularly, 
“brain waves.” If it can be established 
that the pattern traced by the electrical 
activity of the cortex is an hereditary 
trait, electroencephalography can _ be 
added to the many tests for heredity 
now available. Furthermore, because 
normal activity of the brain is of im- 
portance for the welfare of man, the 
electroencephalogram would provide a 
means of tracing the genetics of neuro- 
psychiatric disorders associated with 
transmitted abnormal brain waves, and 
for the diminution of these disorders by 
means of eugenics. 

Medical scientists have been princi- 
pally interested in recording the brain 
waves of normal persons and of per- 
sons suffering from nervous or mental 
disorders, and in observing the effect 
on the waves of altering the activity of 
the brain and the chemistry of the blood 
flowing through it. Contributions on 
these subjects number many hundreds. 

Early in our own observations, begun 
with Hallowell Davis 10 years ago, we 
observed that tracings of the brain 
waves, whether normal or abnormal, 
when taken under standard conditions, 
displayed an individuality of pattern 
and a remarkable consistency from day 
to day.! These observations suggested 
to us the possibility that the brain-wave 
pattern might be a constitutional charac- 
teristic. Later, Dr. and Mrs. Davis? 


HE brain governs the body and 
mind by virtue of discharges from 


GIBBS, AND FREpDERIC A. Gisss, M.D. 


made electroencephalograms of nine 
normal identical twins and found that 
the records of co-twins were closely 
similar. They also believed a familial 
resemblance of patterns is demonstrable, 
a finding denied by Gottlober.* 

During the past seven years we have 
been collecting data on the inheritance 
of brain waves and of epilepsy. We 
have recorded the cortical electrical ac- 
tivity of 104 twins and one triplet, and 
of more than 500 near relatives of per- 
sons with epilepsy or schizophrenia. 
Preliminary reports of these studies 
have appeared elsewhere.* The pres- 
ent report deals with the brain waves 
of 71 twins and one triplet, who are 
without history or evidence of having 
suffered any acquired brain damage. 


Materials and Methods 


“Normal” as applied to twins, in this 
study, refers to those without a history 
or other evidence of an acquired brain 
lesion or disorder of the central nervous 
system which might alter the natural cor- 
tical rhythm. Twins with neuropsychi- 
atric conditions which are not regularly 
associated with cortical dysrhythmia, 
such as feeblemindedness and migraine 
are not excluded. Although in the gen- 
eral population dizygotic twins far out- 
number those who are monozygotic, the 
latter were more readily secured for 
these observations. Presumably this is 
because identical twins are more inter- 
ested in their twinship and are more 
of one mind. 

In deciding the question of zygosity, 
the following bits of evidence were tak- 
en into consideration: The presence of 
a single placenta and membranes, body 
height and weight, color and texture of 


*From the Department of Diseases of the Nervous System, Harvard Medical School, and 


the Neurological Unit of the Boston City Hospital. 


Aid was received from the Rockefeller 


Foundation and from the Committee on Human Heredity of the National Research Council. 
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DISSIMILAR NORMAL RECORDS 


MARILYN - 10/SEC. 


ro. 


SHIRLEY - 9/SEC. 
R.0. 


ROBERT - L.V.F. 


50] 
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BRAIN WAVES OF TRIPLETS 
Figure 3 
Electroencephalograms of 12-year-old trizygotic triplets. The upper two tracings are of the 


two girls and the lower one of the 


boy. The records of Marilyn and Robert are classified as 


normal, that of Shirley contains occasional abnormally slow, six to seven per second waves. 


The three records are dissimilar. 


In this and following tracings the letters at the left of the tracing indicate the portion of 
the cerebrum from which the electrical activity was derived, usually occipital (O), motor (M), 


or frontal (*). 


right measures the deflection caused by 50 micro-volts of current. 


In this case the right occiput was used. The perpendicular line at the 


The horizontal line at the 


bottom records one second of time. A frequency of waves between eight and one-half and 


twelve per second is considered normal. 


the hair, position of the teeth, shape of 
the ear lobes and hands, hair on the 
back of the fingers, ability to funnel 
the tongue, the finger prints and the 
intelligence quotients. The ability of 
parents, friends and teachers to distin- 
guish co-twins was considered impor- 
tant. Ages were from 5 to 61 years. 
For the sake of simplicity, the one set 
of triplets was counted as three dizy- 
gotic twins. In addition to the electro- 
encephalographic records, intelligence 
and Rorschach tests were made of those 
whose age permitted. Data regarding 
intelligence quotients are given else- 
where.® 

Electroencephalograms of co-twins 
were made on the same occasion and 
with the same gain. A twenty-minute 
record was taken with the person sit- 
ting quietly with his eyes closed. At 
one point he was requested to breathe 
deeply for 100 deep breaths, approxi- 
mately two minutes. Again he sat 


quietly until the record had returned 
to its former state. The record, when 
completed, was examined by one of us 
(E.L.G.) who did not know whether 
the twins in question were monozygotic 
or dizygotic. She decided whether the 
records were identical or not, that is, 
whether one appeared to be a continua- 
tion of the other, and also classified 
each record as normal, questionable, 
moderately abnormal, or very abnormal. 

The principal feature of a recording 
is the number of waves per second. A 
consistent difference of one-half beat 
per second or more in the dominant 
frequency was considered significant. 
In addition, the voltage of waves, the 
wave forms, the presence of waves which 
were abnormal in frequency or voltage, 
the comparison of waves from different 
areas of the cortex, and the alterations 
of the record produced by overventila- 
tion were also taken into account. 

A twenty-minute recording occupies 


| 
| 


Lennox and Gibbs: Brain Waves of Twins 


GILDA - 9-9-1/2 PER SEC. 


AGED 7 


AGED 13 MARY - 10-I/2 PER SEC. 


CHARLES - 9-1/2 PER SEC. 


AGED 18 SARAH - LOW VOLT. FAST 
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OEXTER - 9 PER SEC. 
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BRAIN WAVES OF THREE PAIRS OF DIZYGOTIC TWINS 
Figure 4 
- Sample tracings from three dizygotic twins of opposite sex, aged respectively seven, thirteen 
and eighteen years. The dominant frequency of each record is placed beside the name of each 
subject. In the first two pairs there is general resemblance in records of the co-twins but the 
frequency of waves is significantly different. In the 18-year-old twins one has a low voltage 
fast record in which the frequency cannot be counted; the other, a rhythm of nine per second. 


36 meters of paper. Reproductions 
presented here are of 15 c.m. only (0.4 
per cent of the total) and are intended 
only to illustrate the basis on which 
similarity or dissimilarity was decided. 
Different portions of the same record 
may be very different in appearance. 
Decision as to identity was made after 
inspection and measurements of the 
whole record. All records were made 
with a 6-channel Grass apparatus, with 
simultaneous recordings from six dif- 
ferent areas of the cortex. In order to 
conserve space, only one of the six leads 
is reproduced in the figures. In only 
two instances were more than one re- 
cording made. Repeated examinations 
might have altered the results, though 


probably not importantly because in nor- 
mal persons and under standard condi- 
tions a person’s electroencephalogram 
shows little variation from day to day. 


Conditions Which Modify Wave 


Forms 


In distinction to many of the traits 
which are used in judging the identity 
of twins, the electroencephalogram is 
a fluid trait subject to frequent environ- 
mental changes. The frequency (num- 
ber per second) of the waves of the 
electroencephalograms increase with 
age whereas irregularities tend to de- 
crease. The frequency varies with the 
activity of the brain, especially with 
drowsiness or sleep, or as a result of 


Is 
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SIMILAR NORMAL TWINS —- AGE 15 
ADELINE | 
+ 
FLORIA [ 50 Uv 


DISSIMILAR TWINS — AGE 8 
MARGUERITE — FEEBLE - MINDED 


MARION — NORMAL 


SEC. 
TWO PAIRS OF TWINS 
Figure 5 
The records of two pairs of twins with the same parents. The upper paired records are of 
15-year-old monozygotic girls with similar records, having a wave frequency of 12 per second. 
The lower pair is of dizygotic girls aged eight years. — wave frequency of Marion is 11 per 
second and of Marguerite eight’per second. 


sensory stimulation. Changes in the of a normal record does not have the 


chemistry of the blood such as result 
from altered depth of respiration also 
change the rate and voltage of the 
waves. For these reasons records must 


be taken under standard conditions with | 


the subject fully awake but relaxed and 
cooperative. 

With these conditions fulfilled, a per- 
son’s electroencephalogram, as has been 
stated, is remarkably constant from day 
to day and exhibits a certain”broad in- 
dividuality. Thus, if a person’s brain 
waves are of low voltage or if inter- 
spersed with unusually fast waves, these 
characteristics appear on successive oc- 
casions. A constant feature of a record 
may be the inconstancy of the waves 
in either rate or voltage. The pattern 


many distinguishing details which char- 
acterize fingerprints, and it is more dif- 
ficult to establish the zygosity of twins 
having normal electroencephalograms 
than when the twins have abnormal rec- 
ords. Cortical potentials have been 
compared to fingerprints, but compari- 
son with handwriting or with facial fea- 
tures seems more apt. Monozygotic 
twins have similar features although on 
minute inspection they are never iden- 
tical. Also a person may closely re- 
semble another person to whom he is 
not related. Facial features may suffer 
permanent or temporary alteration. 
Likewise any acquired injury to the 
surface of the brain produces alterations 
of brain waves which may persist for 
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BETTY - AGED 4-1/2 
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L.O. 


ANN - AGED 7 


PATSY. 


SIBLING MONOZYGOTIC TWIN PAIRS 


| SECOND 


Figure 6 
Records of two monozygotic twins in one sibship. In both twins, records of co-twins are alike. 


an indefinite period. Finally, “make 
up” on one hand, and artefacts on the 
other, may abolish the value of facial 
features or of the brain wave pattern, 
as a means of deciding whether twins 
are dizygotic or monozygotic. Skill and 
patience are required for securing rec- 
ords of overactive or uncooperative 
young children. 


Proportion of Abnormal Records 


The proportion of abnormal records 
was higher in this group of so-called nor- 
mal twins than in the general population. 
Of the 148 individuals involved, the 
records of 55 per cent were judged to 
be entirely normal; 20 per cent were 
questionable ; 20 per cent definitely ab- 
normal; and five per cent grossly ab- 
normal. This 25 per cent of abnormal 
records may be compared with 15 per 
cent of 1,000 normal adults and chil- 
dren whose records were classified by 
Gibbs, Gibbs, and Lennox.’ This dif- 
ference is in part accounted for by the 
large proportion of children in our group 
of twins, since 20 per cent of apparently 
normal persons under 20 years of age 
have abnormalities of brain wave pat- 


tern. Also our group was not entirely 
unselected. Because of the relatively 
large proportion of irregular records, 
the matching of tracings was not so 
difficult as if all had been normal. 


Results with Reference to Identity 


The general results of this study are 
shown in the accompanying table. This 
compares the number and proportion of 
monozygotic and dizygotic twins in 
which decision as to identity based on 
brain waves coincided with the decision 
based on the character of the placenta 
and on physical and mental characteris- 
tics. Of the 55 monozygotic twins ex- 
amined, in 85 per cent these two meth- 
ods of examination were in agreement; 
in 11 per cent the agreement was in 
— and in four per cent there was 


@ I. Percentage of twins in which the electroencephalo- 
ounee, evidence of identity agreed with physical evidence. 


Noe Agreenent of E.E.G. 
of and ySical Evidence 

Twins eement| Doubt | Disagreonent 

| Uonozygotic ss | 47 8s 6 2 4 
Digygotio same sex 7] 6 | 8 fase 
Dizygotic differant sex) 12 | 12 |100 
Total: dizygotic 19 is | 95 5 
Total all twins 74 | 65 88 6} 8 3 4 
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FOUR UNRELATED PAIRS OF MONOZYGOTIC TWINS 
Figure 7 


Samples of the records of four monozygotic twins, aged from seven to 23 years. In each 


case the co-twins have similar records. 


disagreement. Among the 19 twins 
judged to be dizygotic on physical 
grounds, the two methods were in agree- 
ment in 95 per cent and in disagree- 
ment in five per cent. This disagree- 
ment occurred in a pair of dizygotic 
twins of like sex. In the 12 twins of 
opposite sex there was complete agree- 
ment. 

In the total group of 74 twins (71 
twins and one triplet) there was agree- 
ment in 88 per cent, doubt in eight per 
cent, and disagreement in four per cent. 


In eight of the nine cases in which the 
E.E.G. interpretation was in doubt or 
wrong, the twins were monozygotic. The 
figure of 88 per cent agreement between 
brain wave and other physical criteria 
of identity compares favorably with 
other traits which have been accepted 
as mainly hereditary. Thus Newman® 
compared 50 monozygotic and 50 dizy- 
gotic normal twins and by means of 
formulae arrived at figures which ex- 
pressed the degree to which heredity 
was responsible for the various factors 


JEAN 

RALPH - AGED 
| = 
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GARFIELD - AGED 22 - 8-1/2 PER SECOND 


L.O. 


CHARLES 


L.O. 


MARJORIE - AGED 39 - 25-30 PER SECOND 


MARION 


TRACINGS DOUBTFUL NORMALITY 


SELMA - AGED 61 - !.Q. 14! 


L.M. 


ELIZA - 1.Q. 140 
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SIMILAR RECORDS OF TWIN PAIRS 
Figure 8 


Records of three monozygotic twins, aged 22 to 61. 


studied; for example, finger ridges, 90 
per cent; height, 81 per cent; weight, 
78 per cent; and I. Q. by the Binet test, 
68 per cent. 

Brain waves of girls seem to have a 
slightly faster tempo than those of boys® 
but detailed studies of differences in the 
electroencephalograms of male and fe- 
male subjects have not yet been report- 
ed. In records made of family groups, 
we have observed that the brain waves 
of siblings of like sex are more nearly 
alike than the brain waves of siblings 
of opposite sex. This finds illustration 
in the record of the trizygotic triplets 
shown in Figure 3 in which the records 
of the girls resemble each other but do 
not resemble the records of the boy. 

Illustrative samples of other records 
are shown in the accompanying figures. 


Samples of tracings from three sets of 
dizygotic twins of opposite sex and of 
different ages appear in Figure 4. In 
each of the three, tracings of co-twins 
are unlike. 

Figure 5 is of two pairs of twins in 
the same family, the older pair being 
monozygotic and the younger dizygotic. 
In this younger pair, the child with the 
slower waves had the higher I. Q., 87 
against the sister’s score of 73. In gen- 
eral, frequency of brain waves has no 
correlation with intelligence. In the 
older twins, tracings are identical in 
appearance; in the younger they are 
not. 

Figure 6 is also of two pairs of twins 
in one family, both monogygotic. - In 
both pairs, the E.E.G.’s of co-twins are 
alike. The figure illustrates the in- 
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L.O. 
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L.O. 
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RECORDS OF ee AND TWIN DAUGHTERS 
igure 9 
Records of the monozygotic father and uncle of monozygotic girls, with the record of the 
girls’ mother interposed. (From an article in the Annals of Internal Medicine 18:145, 1943.) 


crease in wave frequency which occurs 
with increase of age. The frequency 
in the four and one-half year old twins 
is four and one-half to five per second; 
and in the seven year old, eight per 
second. 

Tracings classified as normal, from 
four monozygotic twins of various ages, 
appear in Figure 7. In each case the 
brain waves of co-twins are indistin- 
guishable. 

Figure 8 contains samples of three 
monozygotic twins aged from 22 to 61 
years. Records of co-twins are similar. 
The uppermost records are grossly ab- 
normal because of the frequent appear- 
ance of slow waves with a rate of only 
five to six per second. The middle pair 
of records is mildly abnormal because 
of rapid tempo, the dominant frequency 
being 22 per second. The bottom pair 
are of the oldest twins of the series, 
aged 61. They also had the next to the 
highest intelligence scores, 141 and 140. 


The brain wave tracings are particu- 
larly alike in that both have small notch- 
ings on the side of the larger waves. 
Figure 9 represents a family group 
in which there are monozygotic twins. 
in two generations. The uppermost 
pair of tracings are the normal 10 per 
second records of two 5l-year-old 
twins, the uncle and the father respec- 
tively of monozygotic 17 year old twins. 
whose paired records are at the bottom. 
Unlike the father and uncle, however, 
the girls’ records are abnormal because 
of occasional abnormally slow and high 
voltage spiky waves. The record of 
the mother, unlike that of the father, 
is abnormal because of both fast and 
slow activity. Obviously, the cortical 
dysrhythmia of the daughters comes 
from the mother and not the father. 
Tracings of the three cases in the 
series of 74 in which the concordance 
of E.E.G. records did not agree with 
the decision based on physical likeness. 
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TWINS SIMILAR - RECORDS DISSIMILAR 


LUCILLE - AGED 16 - 10 PER SEC. 


La 
GOLDIE - 9 PER SEC. 


_ JANE - AGED 26 - FASTER 
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ANNE 


TWINS DISSIMILAR - RECORDS SIMILAR 
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BRAIN WAVE DIAGNOSIS INCORRECT 
Figure 10 


Tracings of three twins in which decision as to identity of the E.E.G. record failed to agree 
with the decision as to identity based on physical likeness. The two top pair of tracings are of 
monozygotic twins who were judged not identical on the basis of E.E.G.; the bottom pair of 
tracings are of dizygotic male twins whose E.E.G. records were judged to be “identical.” 


are shown in Figure 10. Two of these 
were from the group of 55 monozygotic 
twins. In the topmost pair of tracings 
the general resemblance of tracings was 
very close, but the frequency differed 
by a fraction of a beat per second. In 
the single mistake made among 19 dizy- 
gotic twins, (bottom-most pair of Fig- 
ure 10) the congruence of records was 
such as to classify the twins as identi- 
cal, but the eight year old boys were 
decidedly not identical. 

Figure 11 contains three of the six 
cases (all monozygotic twins) in which 
the examiner was unable to specify 
whether or not records were “identi- 
cal.” Records of the upper two twins 
were judged to be normal. 


Applications of the Technique 


We believe these observations demon- 
strate that the pattern and frequency of 
the cortical electrical waves of the brain 
are hereditary traits. However, this test 
is without value unless dependable multi- 
channel apparatus is used, unless it is 
operated with skill in order to prevent 
the appearance of confusing artefacts 
and unless the tracings themselves are 
viewed by an experienced interpreter. 
Acquired pathology of the brain may 
interfere with the interpretation of re- 
sults, although abnormal waves which 
result from a cortical lesion may be lo- 
calized or consist of very slow waves or 
of diphasic spikes. 

The technique of electroencephalog- 
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BRAIN WAVE DIAGNOSIS DOUBTFUL 
Figure 11 

Three cases representative of the six in which the examiner was unable to decide on the 

basis of these records whether the twins were identical or not. In each case the twins were 


monozygotic. 


raphy should be useful in studies of hu- 
man genetics, but its greatest value 
would seem to lie in tracing the genetic 
aspects of neuropsychiatric conditions 
which are associated with cerebral dys- 
rhythmia. We have made electroenceph- 
alograms of 38 twins in which one or 
both of the co-twins are subject to seiz- 
ures, and also electroencephalograms of 
450 of the near relative of epileptics. 
These data will be presented elsewhere. 


Summary 


Electroencephalographic records were 
made of 71 twins and_one triplet. The 
latter was counted as three dizygotic 
twins. Among the 55 monozygotic twins 
electroencephalographic tracings were 
judged to be identical in 85 per cent, 


not identical in four per cent, and in 11 
per cent identity of records was in 
doubt. Among the 19 dizygotic twins 
tracings were found to be unlike in 95 
per cent and alike in five per cent. 
Among the total of 74 twins there was 
agreement between the physical and the 
brain wave tests of identity in 88 per 
cent, disagreement in four per cent and 
doubt in eight per cent. These results 
suggest that the brain wave pattern is 
an hereditary trait and in the absence 
of acquired conditions which may have 
modified the brain wave pattern, under 
standard conditions of the test, with 
dependable apparatus and experienced 
reading of records, the encephalogram 
can be used in human genetic studies, 
and in tracing the heredity of neuropsy- 
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chiatric diseases associated with cerebral 
dysrhythmia. 
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Coat Color and Temperament in Mules 


To THE EpiTor: 

Your recent note regarding coat color 
and temperament in horses (Jour. Hered. 
36:82) inspired me to undertake a mod- 
est inquiry regarding coat color and 
personality in the mule. This part of the 
Deep South offers exceptional material 
for such a study, for mules are used on 
many farms. 

The consensus of opinion on this 
point seems to have been well summed 
up by the statement of a Negro preach- 


er I met yesterday: 

“A gray mule is de lastines’ mule dey 
is. Ah knows dat fo a fack, an ah bin a 
stock man all mah life. Ah guess it’s 
cause de way he lives. Now a brown 
Texas mule, he jes’ weahs hisself out, 
rushin’ ’round an always havin’ a fit. 
But a gray mule jes takes it easy, an you 
caint nevah make him hurry, an dey’s 
jes’ no tellin’ how long he’ll live.” 

CrypeE E. KEELER 
Wesleyan College, Macon, Ga. 


BRUCE'S EXPLANATION OF HYBRID VIGOR* 


FREDERICK D. RICHEY 


N 1910, A. B. Bruce! offered a Men- 

delian explanation of hybrid vigor in 
purely mathematical terms. His paper 
has been referred to casually in a num- 
ber of discussions of this subject. In 
the writer’s opinion, however, it has 
been overlooked more frequently than it 
should have been, in view of its im- 
portance. It also seems to have been 
confused somewhat with Keeble and 
Pellew’s® suggestion along the same line. 
Because of its epic bearing on a highly 
important phase of heredity, and be- 
cause the original is not too generally 
available, it is reproduced here as Fig- 
ure 12. 

It will be noted that Bruce questioned 
the validity of his assuming a correla- 


tion between “vigor” and dominant 
genes, a correlation which now, of 
course, is accepted. The principal ob- 
jections raised by others to the inter- 
action of dominant favorable genes as 
an explanation of hybrid vigor were 
threefold. First, it was held that the 
explanation lacked sufficient generality. 
Second, such a condition would lead to 
skew distributions in Fe, which did not 
occur. Third, it should be possible to 
recover the homozygous multiple domi- 
nant which would equal the F; in vigor. 
Judging from the frequencies of litera- 
ture citations, these objections appear to 
have arisen more from Keeble and Pel- 
lew’s® explanation than from Bruce’s!. 
The former was based on the example 


*Joint contribution from the Bureau of Plant Industry, Soils and Agricultural Engineering, 
Agricultural Research Administration, U. S. Department of Agriculture, and the Tennessee 


Agricultural Experiment Station. 
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DISCUSSION AND CORRESPONDENOB 
THE MENDELIAN THEORY OF HEREDITY AND THE 
AUGMENTATION OF VIGOR 

To THe Eprror or Science: One of the 
most interesting questions in connection with 
the Mendelian theory of heredity is whether 
the augmentation of vigor observed in cross- 

' ing distinct varieties can be explained on the 
hypothesis of the pure gamete. 

The following mathematical treatment of 
the subject may be of interest to some of your 
readers. 

The most general expression for a Mendel- 
ian family breeding true to its mean is 

(P°(DD) + 2pq(DR) + ¢(RR))* 
for, if ‘the array of individuals obtained by 
expanding this expression be crossed at ran- 
dom, we get the same expression for the array 
of offspring generation after generation. 

If we take two “breeds” denoted by 


{P°(DD) + 2pq(DR) + ¢°(RR)}* (a) 


{P*(DD) + 2PQ(DR) +Q@(RR)}* 


respectively, and cross them at random, it is 
not difficult to show that the array of the re- 
sulting hybrid offspring is given by 

{Pp (DD) + (Pp + pQ) (DR) + Qq( RR) }* (0) 


Now, the mean number of recessive ele- 
ments in these families is. 


** 


Thus the mean of (c) is the geometric mean 
of (a) and (6). 

Since the geometric mean is always less 
than the arithmetic mean, it follows that the 
mean number of recessive elements (of the 
type (RR)) in (c) is less than the collective 
mean of the families (a) and (b) treated as 
one population. Moreover, since the recessive 
elements are fewer, the aggregate elements of 
the types (DD) and (DR) must be greater. 

If, now, it be assumed that dominance is 
positively correlated with vigor, we have the 
final result that the crossing of two pure 
breeds produces a mean vigor greater than 
the collective mean vigor of the parent breeds. 

By similar methods it can be shown that 
the “inbreeding” of a Mendelian population 
leads to a decrease in the mean number of ele- 
ments of the types (DD) and (DR). 

I am aware that there is no experimental 
evidence to justify the assumption that domi- 
nance is correlated with a “blending” char- 
acter like vigor; but the hypothesis is not 
an extravagant one, and may pass until a bet- 
ter takes the field. 


August 27, 1910 


1910 EXPLANATION OF HYBRID VIGOR 
Figure 12 


This brief, elegant contribution of thirty-five years ago presents an explanation of hybrid 


vigor that has yet to be successfully refuted. 


of the inheritance of stature in peas and 
seems to have led to an idea that the 
interaction of only a few genes was 
being postulated. 

However that may be, Bruce’s treat- 
ment was entirely and completely gen- 
eral. His formulae apply equally to the 
decrease in vigor upon selfing and to 
the increase in vigor upon crossing. 
Moreover, Collins? showed in 1921 that 
the objections raised because of a lack 
of skewness in F2 and the non-recovery 


of the homozygous dominant were in- 
valid. Bruce’s paper thus is entirely 
self-sufficient, and seems to merit recog- 
nition as the first comprehensive ex- 
planation of dominant interaction as a 
cause of the important phenomenon of 
hybrid vigor. 
Literature Cited 


1. Bruce, A. B. Science 32:627-628. 1910. 
CoLLINs, G. N. Amer. Nat. 55 :116-133. 


3. KeesLe, F., and C. PELLEw. Jour. 
Genetics 1:47-56. 1910. 


| 
and 
Tae ScHooL or AGRICULTURE, 
CaMBEIDGE, ENGLAND, 


GENETICS OF SESAME 


II. Inheritance of Seed Pod Number, Aphid Reshtenee, 
"Yellow Leaf,” and Wrinkled Leaves 


D. G. LANGHAM 


Department of Genetics 
Instituto Experimental de Agricultura y Zootecnia, Venezuela 


EXTRA SEED PODS 
Figure 13 
A central stalk of selection No. 5 is shown on the left, with a comparable stalk of the 
Chiollo variety on the right. The increased number of pods per plant definitely increases the 
yield of the oil bearing seed which makes this crop so valuable in tropical countries. 


described the sesame breeding proj- 

ect in progress at the Instituto Ex- 
perimental de Agricultura y Zootecnia. 
He is reporting herewith four other 
characters studied during these experi- 
ments. Three of them, aphid resistance, 
number of seed pods per leaf axil, and 
leaf-yellowing are of direct agronomic 
importance. The fourth is a semi-lethal, 
and its interest to the breeder would be 
mainly in its elimination, though it may 


I: earlier contributions! the writer has 


be of value for linkage or other genetic 
studies. 


Inheritance of the Number of Seed 
Pods per Leaf Axil 


In most varieties of sesame the flow- 
ers, and consequently the seed pods, are 
solitary in the axils of the leaves. On 
either side of each flower is a round, 
yellow gland which secretes a mucilagi- 
nous substance. These glands are prob- 
ably rudimentary flowers because in a 
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VARIATION IN THE THREE-POD CHARACTER 
Figure 14 
This illustration shows some of the range of expression of the three-pod character in 
contrast to the normal one-podded condition. All of the variants showing even a rudimentary 
development of the secondary pod carry the main three-pod gene. The extent to which the 
or gene is expressed may be controlled by modifying the genes as well as by environ- 
mental factors. 


few varieties from China and India, each 
gland develops into a functional flower, 
giving three flowers per leaf axil in- 
stead of the usual one. All three 
flowers produce seed pods except under 
unfavorable growing conditions, due to 
crowding or drought, when only one of 
the pods develops or sometimes two. In 
some cases, however, four or five cap- 
sules develop per axil (Figure 14). For 
convenience in discussing these differ- 
ences the terms “one-pod” and “three- 
pod” are used to indicate the number 
of pods per leaf axil. 

In 1940 an isolated sesame plant with 
three pods per leaf axil was found near 
an irrigation ditch in the state of Ara- 
gua, Venezuela. Seed from this plant 
gave origin to the type known as Selec- 
tion No. 5, which has since been used 


extensively in the breeding work of this 
Department. In a cross between Selec- 
tion No. 5 with three pods per leaf axil 
and the variety Criollo with one pod 
per leaf axil (Figure 15), the first gen- 
eration hybrid had only a single pod per 
leaf axil. Dominance of the single-pod 
type was complete. 

In the second hybrid generation there 
was segregation of one-pod and three- 
pod plants. In the latter group extreme 
variation in the expression of this three- 
pod character was apparent. Some plants 
had three pods in all the leaf axils; 
others had one pod in the axils of the 
lower leaves and three pods in the axils 
nearer the top; and still others had some 
axils with three pods, some with two, 
and some with only one. In a few cases 
only the uppermost nodes had three pods 
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INHERITANCE OF THREE-POD CHARACTER 
Figure 15 
This illustration shows the result of a cross between the extra-pod Selection No. 5 and 
the Criollo varieties. In the first hybrid generation (F:), the “normal” one-podded condition is 
dominant. In the next generation a typical 3:1 ratio of one-pod and three-pod plants is ob- 
served. Note that the three-pod condition differs from the one-pod condition in that a small 
gland, found on the one-pod form, is replaced by a supernumerary pod in the variant type. 


per axil. In others only one or two 
nodes near the center of the plant had 
more than one pod per axil. 
Classification was made when the 
plants were nearly mature so that those 
with even a weak expression of the 
three-pod tendency could be properly 
judged. The plants with only one pod 
in the axil of any leaf were placed in 
one group, and those with more than 
one pod in the axil of any leaf were 
placed in the other. There were 500 
plants of the former type and 162 of 
the latter. This almost perfectly ap- 


proximates a 3:1 ratio, and supports 
the findings of Nohara.1 The symbol T 
is suggested for the one pod character, 
= the symbol t for multi-pod (Figure 

Seeds were saved from many indi- 
vidual plants of this Fy generation. The 
multi-pod plants were recorded as hav- 
ing a strong or a weak expression of the 
three-pod character. 

Some of the one-pod plants of the Fe 
generation bred true for this charac- 
ter in the Fs generation, but the ma- 
jority of them segregated for t, as ex- 
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SEVERE APHID ATTACK 
Figure 16 

The drooping leaves of the plants shown here 
are due to severe aphid infestation. Under some 
conditions the plants are actually killed by this 
insect. It is believed that attacks are more 
severe when sesame is grown near other crops 
such as cotton, which often harbor a consid- 
erable aphid population. 


pected. The same system of classifica- 
tion described above was used in the 
third generation. Since each segre- 
gating Fs; culture gave a ratio of ap- 
proximately 3 T to 1 ¢, all the data were 
combined, giving a total of 1,284 T 
plants and 445 ¢ plants. . 

The Fs; cultures from the F2 ¢ plants 
were extremely variable in the expres- 
sion of the three-pod character. Nearly 
all of them gave a few plants with only 
one pod per axil. This was especially 
true of the cultures from the Fy, plants 
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marked as having a weak expression of 
t. In general, there was a stronger ex- 
pression of ¢ in the cultures from Fe 
plants which had three pods in nearly 
all the axils. It became obvious from the 
breeding standpoint that in segregating 
cultures it would be advantageous to 
select only the plants with a strong ex- 
pression of the three-pod tendency. For 
this reason, all plants are now recorded 
as f*, or according to whether the 
two lateral fruits are the same length, 
shorter, or much shorter than the cen- 
tral fruit, and f1, te, etc., depending on 
how many nodes (counting from the 
base of the plant) have only one pod 
per leaf axil below the first node with 
three pods per axil. Accordingly, the 
best plants are 

The three-podded varieties from 
China and India were crossed with 
Selection No. 5 to test for allelism of 


TABLE I. Yield Test of 23 Varieties of Sesame 

Exposed to Aphid Infestation. Planted in Random- 

ized Blocks (4 replications) in Tapa-Tapa, Estado 
Aragua, 1943. 


Variety Yield per Stand in 
Hectare percentage 
inkilogramS 

43-7 624 89 
43-42 450 84 
43-18 326 92 
43-15 tH 315 84 
43-39 280 86 
43-14 272 94 
43-15 Th 268 81 
43-17 261 80 
43-15 TH 228 82 
43-82 188 72 
43-40 168 78 
43-15 th 164 75 
43-80 104 84 
43-50 97 85 
43-20 97 70 
43-18 96 74 
43-10 95 81 
640 Selected 31 46 
43-73 Bo 29 66 
43-73 Bo-s 28 41 
Criollo 

(Venezuela) 25 33 
43-52 21 56 
Brazil 20 42 


T—one capsule per axil. 

t —three capsules per axil. 
H—bicarpelate fruit. 

h —tetracarpellate fruit. 
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Figure 17 
On the left is a row of the susceptible variety Criollo, destroyed by aphids. Growing right 
next to it, and equally exposed to infestation is the resistant variety Venezuela-52, practically 
untouched by aphids. The factor which makes some varieties of sesame obnoxious to aphids 


has not yet been determined. 


the three-pod character in the different 
varieties. All of the hybrid plants of 
the first and second generations of these 
crosses were three-podded, demonstrat- 
ing that the gene for this character is 
the same in the three varieties. 


Aphid Resistance* 


With the ever-increasing interest in 
sesame as a commercial crop in the 
tropical and sub-tropical regions of the 
Western Hemisphere, it is important 
for the farmer to know some of-the dif- 
ficulties which he may encounter in try- 
ing to produce an abundant harvest. In 
some of the experiments of the Depart- 
ment of Genetics, where numerous types 
of sesame are planted in the same field, 
there is an unusual opportunity to study 
differences in disease and insect resis- 
tance. 

For example, in March 1945, there 
was a severe attack of aphids (Figure 
16) in an experimental field with 75 dif- 


*With Maximo Rodriguez, geneticist. 


ferent varieties, selections, and hybrids. 
This was an excellent opportunity to 
study resistance and susceptibility to 
aphids. In October 1943 there was a 
similar attack of this insect in a field 
with 1,500 types of sesame. Very strik- 
ing differences in degree of resistance 
of the different crops were revealed by 
both of these attacks (Figure 17). Some 
types were unaffected, and some were 
completely destroyed. Others showed 
degrees of resistance and susceptibility 
varying between these two extremes. 
Actual counts of aphids on the differ- 
ent varieties, selections, and hybrids 
were not made, but an index of the de- 
gree of resistance of some of the types 
is given by the yield data in Table I. 
The variety Criollo was nearly de- 
stroyed, not only in this experimental 
planting but also in a commercial plant- 
ing in a nearby field. Perhaps if this 
farmer had used certain other less sus- 
ceptible varieties (Table I) he would 
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INHERITANCE OF “YELLOW” 
Figure 18 
These photographs of seed pods show the inheritance of the “yellow” character, which is 
manifested just as the plant reaches maturity. At this point in the life cycle, most sesame 
plants turn from green to brown without any intermediate phase. The yellow variant turns 
from green to yellow and then to brown. The characteristic has agronomic value because 
the yellow color shows that the plants are ready for harvesting. This is important to the 
grower because if he waits too long to harvest his crop the seed pods open and much of the 


crop is lost in the process. 


not have lost his crop. 

Aphids collected on sesame plants in 
Cagua, Estado Aragua, were identified 
by Dr. Charles H. Ballou, Head of the 
Entomology Department, as Myzus per- 
sica (Sulz.). 

It is not known why this insect pre- 
fers some types of sesame plants to 
others. All the early maturing types es- 
caped damage — perhaps due to their 
earliness — during both of the attacks 
mentioned above. Some of the later types 
also escaped damage, ‘however, and their 
resistance must be due to a physical or a 


chemical difference in the plant itself. 
It is worthy of note that both the 
experimental and the commercial plant- 
ings were located near 600 hectareas of 
cotton where calcium arsenate was used 
abundantly to combat the leaf worm, 
Alabama argillacea. The arsenate treat- 
ment for worms also killed many natu- 
ral enemies of the aphid, principally the 
lady beetles. This observation leads to 
the suggestion that cotton fields and se- 
same fields should be separated either 
by distance or by date of planting. 
Further studies over a period of years 
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ROOTS DEFECTIVE 
Figure 19 
Note necrotic area on the root of the wrinkled-leaf plant on the left. Reduced viability of 
the root of the plant makes this character a semi-lethal, which has been eliminated by appro- 
priate breeding methods in the development of superior sesame varieties. 


will be necessary to solve all the phases 
of this problem, but the evidence pre- 
sented in this paper indicates that there 
is hope of obtaining aphid-resistant types 
of sesame for commercial production. 
In the meantime, when there is an at- 
tack of aphids, spraying with one part 
nicotine sulfate in 1,000 parts soapy 
water is an effective control measure. 


TABLE II. Segregation of Yellow Plants in the 
ond Generation. 
Frequency 
Phenotype Observed Theoretical (3:1) Difference 
green 275 280 5 
yellow 98 93 5 


Color Changes Before Maturity 


As sesame plants approach maturity, 
the green leaves, stems and fruits be- 
come brown. Among the 36 varieties 
in the collection of this Department, 
obtained from many different countries, 
34 change directly from green to brown, 
but one variety from China and one 
from India change from green to yel- 
low to. brown. 

In ctosses between these two varieties 
and arly one of the other 34, the first 
generation hybrids change from green 
to brown, without the intermediate yel- 
low phase. 

In the second generation there is a 
distinct segregation for yellow as the 


. 
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NORMAL AND WRINKLED-LEAVED SESAME 
Figure 20 


On the left is shown a normal sesame plant in comparison with the wrinkled-leaf variant 


at the right. 


No infective organism has been detected to account for this difference. It 


apparently is determined entirely by heredity and is inherited as a simple Mendelian difference. 


plants approach maturity. Since this 
yellow phase between green and brown 
is of only short duration, classification 
must be made at the proper stage of 
development. The data from three seg- 
regating progenies are given in Table II. 
These data indicate that yellow is in- 
herited as a simple recessive. It may 
be designated by the symbol y and its 
allele by Y (Figure 18). 

When the yellow plants in the Fs 
generation were self-pollinated, progeny 
in the Fs generation was uniformly yel- 
low. Some of the Fs green plants bred 
true for green in the Fs; generation and 
some segregated for yellow, as expected. 


From general observations there is 
no indication that the yellow color is 
detrimental to the yield of the plant. 
From an agronomic standpoint this yel- 
low color may be useful to the farmer 
as an indication of the right time to 
harvest because it occurs just before 
the capsules dehisce. Another practical 
application of this yellow color is that 
it aids in maintaining a pure variety 
because if a few green plants occur in a 
field they are conspicuous just before 
maturity and can be rogued. 


Wrinkled Leaf 
Our studies of the inheritance of the 
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wrinkled-leaf character demonstrate the 
importance of hidden recessives in a 
program of practical plant breeding. In 
a special selection of sesame (Selection 
No. 5) which differs from most varieties 
in its earliness and vigor, one plant was 
found which was especially desirable on 
the basis of external appearance. Pollen 
from this plant was used on many other 
varieties in the same breeding plots. The 
first generation plants from these crosses 
were normal. 

In the second generation, however, 
an abnormal type of plant appeared in 
some of the progenies (Figure 20). 
There was extreme variation in the de- 
gree of expression of this character. In 
some plants all of the leaves were 
wrinkled, in others only the uppermost 
leaves were affected, while other plants 
developed the symptoms at different 
stages of growth. 

The first sign of an abnormal condi- 
tion is a roughening of the veins on the 
ventral surface of the leaves. This 
roughening begins near the tip of the 
leaf and as it becomes more acute, nec- 
rotic areas are formed in the vein, and 
the leaf begins to curl downward. The 
affected veins develop streaks of a red- 
dish-brown color and the leaf continues 
to curl. The dorsal surface of the veins 
remains green and smooth. 

This condition of the leaf is usually, 
but not always, accompanied by a simi- 
lar necrosis in the crown of the root 
(Figure 19). 

The negative results of repeated at- 
tempts by the Pathology Department to 
isolate organisms in these necrotic areas 
of the vein and the root have indicated 
the absence of pathogens. 

Plants of this type usually develop 
flowers and fruits, but in’extreme cases 
they are semi-sterile. 


TABLE III. Inheritance of the Character “Wrinkled 
Leaf” in Sesame. 
Ratio 
Observed.. Expected (3:1) 
Phenotype Difference 


normal 240 248 8 
wrinkled 90 82 8 
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Exact counts of the defective and the 
normal plants were made in only one 
progeny in this second generation 
(Table III). 

These data indicate that this is a sim- 
ple Mendelian character. The symbol f 
is suggested for wrinkled leaf and F for 
its normal allele. 

Further evidence on the inheritance of 
this character was obtained by selfing 
some of the defective and some of the 
normal plants. Seed from the defective 
plants gave progeny of 100 per cent de- 
fective. Seed from some of the normal 
plants gave all normal plants, while seed 
from other normal plants gave segregat- 
ing populations, as expected. 

This undesirable character is being 
eliminated from the selected plants by 
progeny tests, but it has necessitated 
many controlled pollinations followed 
by progeny tests which otherwise would 
not have been necessary in this breed- 
ing project. 

Summary 

In the varieties of sesame under ob- 
servation by the writer a number of in- 
herited differences have been noted. 
ae report presents data on inheritance 
of: 

1. Extra pods in leaf axils 

2. Aphid resistance 

3. A yellow color-phase as the pal 

reaches maturity 

4. Wrinkled leaves. 

Crosses and progeny tests in F2 and 
Fs; indicate that extra pods, yellow col- 
or and wrinkled leaves are all condi- 
tioned by recessive genes. Aphid resis- 
tance is more complexly inherited and 
the genetic mechanism has not definite- 
ly been determined. 

Three of these characters are of agro- 
nomic value, but wrinkled leaves is a 
semi-lethal and it is being eliminated 
from selections under test. 
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INHERITANCE OF COAT COLOR IN SWINE 


III. Results of Landrace by Berkshire Crosses* - 
H. O. 


VIDENCE was presented in a 
EK previous papert that the Landrace 

has a single gene for self-white 
which is completely or almost complete- 
ly dominant over the allele conditioning 
Poland China black. The evidence also 
indicated that the Landrace also pos- 
sesses minor factors for restriction of 
black while the Poland China carries 
minor factors for extension of black. 
Physiologically, the principal color dif- 
ference between these breeds was ex- 
plained on the assumption that the Land- 
race has the same fundamental gene for 
partial extension of black (Ep) as the 
Poland China and a separate factor (J) 
for the absence of color which is more 
or less dominant over its allelomorph 
(7) found in all breeds showing color. 
With this hypothesis, the formulae to be 
assigned to the two breeds are Ep Ep II 
for the Landrace and Ep Ep wu for the 
Poland China. Crosses to determine 
whether the Berkshire carries the same 
pattern-gene as the Poland China are 
reported in this paper. 

The Berkshires used in this experi- 
ment all came from several registered 
herds. Like the Poland China, they 
were black except for white on the feet, 
the face, and the tip of the tail. Refer- 
ence to the history of the Landrace has 
been made previously. 


The Hybrids 


The first cross was made by mating 
ten Berkshire sows to a Landrace and 
to a Berkshite boar in the same heat 
period. This type of double mating, the 
purpose of which was to produce both 
purebred and crossbred pigs in the same 
litter, was used in two separate seasons 


and resulted in 19 litters. Of the 19 lit- 
ters, six consisted of purebred pigs, three 
consisted of crossbred pigs, and ten con- 
sisted of purebred and crossbred pigs. 
Aside from the fact that the two kinds 
of pigs could easily be identified on the 
basis of certain morphological charac- 
ters, such as shape of face or ears, they 
were distinctly different when classified 
according to color. As was to be expect- 
ed, all of the 64 purebred pigs produced 
in the single- and double-mated litters 
showed the same color pattern as that 
of the Berkshire. The 69 F, pigs, on 
the other hand, were white or white with 
blue spots (Figure 21). As in the case 
of the Landrace X Poland China F, 
pigs, the spots were always confined to 
the skin, but not as many pigs, on the 
average, had spots and the spots tended 
to be smaller and less numerous. This 
seems to indicate that the Berkshire has 
different and less effective genes condi- 
tioning density of pigmentation than the 
Poland China. 

Two F, sows which were mated with 
F, boars produced a total of 19 Fy» pigs, 
while reciprocal backcrosses of to 
Berkshire resulted in 223 pigs. A sum- 
mary of the two sets of progenies is 
shown in Table I. 

The Fy. data are based on rather small 
numbers but definitely support the hy- 
pothesis that Landrace white and Berk- 
shire black differ by one major gene. 
This is definitely confirmed by the back- 
cross data which show an unmistakable 
1:1 ratio. Further evidence for segre- 
gation of an outstanding factor is pro- 
vided by the progenies of two other 
crosses, involving the mating of black- 
spotted backcross pigs back to the Land- 


*Data obtained in Cooperative swine project of the Bureau of Animal Industry, U. S. 
Department of Agriculture, and the University of Maryland Agricultural Experiment Station. 
Work done at Blakeford Farms, Queenstown, Maryland. 

+Associate Animal Husbandman, Bureau of Animal Industry, U. S. Department of Agri- 
culture, Beltsville, Md. The author acknowledges his indebtedness to Guy Harmon and James 


Trapp ‘for collecting the color records. 
tHertzer, H. O. 
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race and intercrossing their young. The 
results, given in Table I, are very 
similar to those obtained in the F, and 
Fy, generations. Accordingly, there can 
be no reasonable doubt as to the cor- 
rectness of the above interpretation. A 
comparison of these results with those 
of the Landrace & Poland China cross- 
es reported previously, also leaves little 
room for doubt that the Berkshire car- 
ries the same fundamental gene for 
black as does the Poland China. 


Distribution of Black 


That the Berkshire pattern is due to 
a combination of factors similar to that 
of the Poland China is clearly indicated 
by the fact that the vlack-spotted segre- 
gates produced by these breeds showed 
the same sort of variation in the distribu- 
tion and amounts of black present. 
However, the Berkshire Landrace 
segregates did not show as much 
variation as was observed among 
Landrace X Poland China hybrids pro- 
duced by the same type of matings. 
They possessed more black on the aver- 
age, and there were many, especially in 
the backcross generation, which had 
perfect Berkshire markings. Accord- 
ingly, the Berkshire can be said to pos- 
sess a more effective system of factors 
for extension of black than does the 
Poland China. In this connection it 
may further be noted that all pigs de- 
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scribed as black-spotted had a white 


ground color. This result is compatible 
with the assumption, expressed previ- 
ously, that the Berkshire has some com- 
bination of genes for dilution of red, 
shared in whole or part by the Landrace. 
In addition to the above evidence that 
the Berkshire and Poland China pat- 
terns are genetically similar, another 
cross confirming this view may be men- 
tioned. A Landrace Berkshire F, 
sow was mated to a black-spotted Lan- 
drace X Poland China boar. Of ‘the 
11 young six were white and five black- 
spotted. This shows perfect agreement 
with expectation on a 1:1 basis, in full 
agreement with the hypothesis that the 
Berkshire and Poland China have the 
same major gene for black spotting. 


Summary 

Landrace X Berkshire crosses report- 
ed in this paper gave results closely 
similar to those of Landrace X Poland 
China. As in crosses with Poland China, 
Landrace white was found to depend on 
one major dominant gene, /, presuma- 
bly epistatic to the gene for black, Ep, 
possessed by the Berkshire. 

Evidence is presented that the gene 
for black (Ep) possessed by the Berk- 
shire is the same as that carried by the 
Poland China. It also is shown that the 
Berkshire has a more effective system 
of minor factors for extension of black 
than does the Poland China. 


Color of pigs in the Fo and backcross generations 


of the Landrace by Serxshire cross, togetner with 
the resvlts of other crosses made suvosecueutly. 


Name of crosses 


“white 


generation 
1 White x white 


| Expected (3:1) 


Backcross generation 
Berkshire x white 


Expected(1:1) 


Topcross generation 
Landrace x black 


ted (all white) 


F uivalent generation 
(fablack x (L x black) white 
Expected (3:1 
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Dickinson, producer of the well known Globe 
Feeds, is one of tke oldest and most reliable 
feed houses from which to buy your “Lab” 
animal feed. 

Globe Feeds supply complete rations. They 
are dry ... easily stored ... take up little space 
... and involve little waste. They hold the same 
high standard of quality from year to year. 


GENEROUS SAMPLES FREE 
To supervisors of experimental animals, we will send a 
free sample, large enough to make an adequate test. Just 
tell us the kind and quantity of food desired. 


Globe Rabbit Glob-ets to be 
supplemented with hay. 

Globe Rabbit with Alfalfa, meal 
form—complete. 

Globe Rabbit with Alfalfa, pel- 
let form—complete. 


FOR RATS AND MICE 


Dickinson’s Dog Food—Nugget 
—Pellet or meal form. Dick- 
inson’s Kibbled Dog Food. 


FOR GUINEA PIGS 


Globe Rabbit Glob-ets to be 
supplemented with hay. 

Globe Rabbit with Alfalfa, meal 
form—complete. 

Globe Rabbit with Alfalfa, pel- 
let form—complete. 

Supplement with Vitamin C car- 
rier three times a week. 


THE ALBERT DICKINSON COMPANY 


2714 WEST 35TH STREET 


CHICAGO 90, ILLINOIS 


How many of these do you own? 


If you look under your car, you'll prob- 
ably find a couple of gadgets something 
like this one. 

They’re shock absorbers. 

They take the sting out of sudden 

bumps and jolts. They make a rough road 
smoother. 
And if you’re wise, somewhere in your 
desk, or bureau drawer, or safe deposit 
box, you have a lot more shock absorb- 
ers. Paper ones. War Bonds. 


If, in the days to come, bad luck strikes 
at you through illness, accident, or loss of 
job, your War Bonds can soften the blow. 

If there are some financial rough spots 

in the road ahead, your War Bonds can 
help smooth them out for you. 
Buy all the War Bonds you can. Hang c2 
to them. Because it’s such good sense, and 
because there’s a bitter, bloody, deadly 
war still on. 


BUY ALL THE BONDS YOU CAN... 
KEEP ALL THE BONDS You BUY 


\ 
x 


